(19) 



- 

OH 



(12) 



Europaisches Patentamt 

ropean Patent Office 
Office europeen des brevets 



(id 



EP 0 798 794 A1 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel * H01M 2/22 




01.10.1997 Bulletin 1997/40 






(21) 


Application number: 97301889.8 




** 


(22) 


Date of filing: 20.03.1997 






(84) 


Designated Contracting States: 


• 


Moriwaki, Kazuro 




DE FR GB 




Sumoto-shi, Hyogo 656 (JP) 






• 


Takahashi, Masatoshi 


(30) 


Priority: 27.03.1996 JO 7198696 




Mihara-gun, Hyogo 656-01 (JP) 




05.03.1997 JP 50443/97 


• 


Nakatani, Kensuke 








Sumoto-shi, Hyogo 656 (JP) 


(71) 


Applicant: SANYO ELECTRIC Co., Ltd. 








Moriguchi-shi, Osaka 570 (JP) 


(74) 


Representative: Chettle, Adrian John et al 








Withers & Rogers 


(72) 


Inventors: 




4, Dyer's Buildings 


• 


Morishita, Takuma 




Holborn 




Mihara-gun, Hyogo 656-01 (JP) 




London EC1N2JT (GB) 



(54) A cell which secures the reliability of a protective circuit 



(57) A cell has an outer can made from either alu- 
minum or an aluminum alloy, and a lead plate for cur- 
rent-utilization. The lead plate for current-utilization is 
welded to the outer surface of the outer can and further 
welded to a lead plate for connection which is connected 
with the protective circuit of the cell. This construction 



makes it possible to avoid directly connecting the outer 
can with the lead plate for connection. Consequently, 
the lead plate for connection can be resistance-welded, 
so that the protective circuit is prevented from being 
electrified. As a result, the reliability of the protective cir- 
cuit is improved, as compared with the case where the 
lead plate for connection is laser-welded. 
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Description 

BACKGROUND OF THE INVENTION 
s (1) Field of the Invention 

The present invention relates to a cell, and more specifically to a cell which secures the reliability of a protective 
circuit electrically connected with the cell. 

'0 (2) Description of the Related Art 

Generally, a lithium ion cell is provided with an external protective circuit for controlling the cell voltage thereby 
preventing overcharge and over-discharge. For example, a conventional lithium ion cell 11 shown in Fig 1 is electrically 
connected with a protective circuit 13 via a lead plate 12, which can be made from nickel, nickel-plated stainless or 
the like, considering its connectivity with the protective circuit 13. 

On the other hand, an outer can 14 of the cell 11 whose voltage grows as high as 3.5-5.0V during a charging 
operatton is not made of iron or stainless but of aluminum or an aluminum alloy. This is because unlike iron and stainless 
aluminum does not cause the outer can 14 to corrode during a long-term preservation in a high voltage In addition' 
unlike iron and stainless which have large specific gravity, aluminum which has small specific gravity allows the outer 
can 1 4 to have a large gravimetric energy density. 

However, when it comes to the welding of the lead plate 12 made of nickel or the like and the outer can 14 made 
of aluminum or the like, the insolubility of the lead plate 12 makes it impossible to employ the ultrasonic welding and 
the good conductivity of the outer can 14 makes it impossible to employ the resistance welding. For this reason the 
laser welding have been employed to combine the lead plate 1 2 and the outer can 14. 

However, the laser welding also has a drawback that a laser beam causes the protective circuit 1 3 to be electrified 
thereby deteriorating its reliability. 

SUMMARY OF THE INVENTION 
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The object of the present invention is to provide a cell which secures the reliability of a protective circuit electrically 
connected with the cell. 

Another object of the present invention is to provide a cell whose lead plate for current-utilization and whose lead 
plate for connection are welded with a sufficient welding strength through the resistance welding. 

Further another object of the present invention is to provide a cell which prevents the occurrence of cracks or 
pinholes on the weld zone of the lead plate for current-utilization and the outer can. 

The above objects can be achieved by a cell comprising a positive electrode; a negative electrode- a separator 
filled with an electrolyte; an outer can which has a bottom and which is composed of either aluminum and an aluminum 
alloy; and a first lead plate for utilizing current. The first lead plate is welded to an outer surface of the outer can and 
also welded to a second lead plate for electrically connecting the cell with a protective circuit. 

The reason for the successful achievement of these objects is as follows. 

By welding a lead plate for current-utilization to the outer surface of the outer can, and then welding the lead plate 
for current-utilization to the • lead plate for connection which is electrically connected with the protective circuit of the 
cell, it becomes possible to avoid directly connecting the outer can with the lead plate for connection This allows the 
resistance welding to be employed for welding the lead plate for connection, if the lead plate for current-utilization is 
made from a material suitable for the resistance welding. As a result, the protective circuit can be prevenled from being 
electrified. Consequently, the reliability of the protective circuit can be improved, as compared with the case where the 
laser welding is employed for welding the lead plate for connection. 

It may seem that if the outer can and the lead plate for connection are directly laser-weld together before electrically 
connecting the protective circuit with the lead plate for connection, then the lead plate for current-utilization is dispen- 
sable so that the reliability of the protective circuit can be improved. However, this method is not suitable because while 
the cell is being carried to the welding process of the protective circuit after the outer can and the lead plate for con- 
nection have been laser-welded, short circuit or another problem may be caused due to the lead plate for connection 
protruding from the outer can. 

The first lead plate may be made from a metal whose conductivity is lower than aluminum and the aluminum alloy. 

The material of the first lead plate may be selected from a group consisting of nickel, iron, a nickel alloy and an 
iron alloy. 1 

Thus, the lead plate for current-utilization and the lead plate for connection can be firmly welded through the 
resistance welding by using a metal plate made from nickel, iron, a nickel alloy, or an iron alloy because these metals 
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have a lower conductivity than aluminum, or the like. 

The outer can and the first lead plate may be laser-welded. 

The first lead plate may include a cladding plate having a first layer which is made from either aluminum or the 

aluminum alloy and welded to the outer can, and a second layer which is welded to the second lead plate. 
5 Thus, when the first layer of the lead plate for current-utilization is made of the same aluminum or aluminum alloy 

as the outer can, the ultrasonic welding can be employed to weld the lead plate for current-utilization to the outer can. 

The use of the ultrasonic welding for this welding makes the first layer and the outer can activate as the effect of the 
? ultrasonic vibration during the welding, and also causes the plastic flow of the surface of the welding material as the 

effect of the frictional heat of ultrasonic waves. As a result, the atoms contained in the first layerand the outer can are 
10 combined or mixed at the surface, which makes the first layer and the outer can be welded together. Since the outer 

can and the lead plate for current-utilization are welded together in such a mechanism, a smaller heat value is required 

for the welding than the laser welding. Consequently, the occurrence of cracks or pinholes in the weld zone can be 

prevented. 

Since the lead plate for current-utilization is welded not to a finished cell but to an outer can to which the electrode 
is assembly consisting of negative and positive electrodes and a separator is inserted, the electrode assembly is not 
affected by the energy, vibration, or pressure of the ultrasonic waves, and as a result, the reliability of the cell is improved. 
Although the lead plate for current-utilization and the lead plate for connection are welded together after the cell is 
completed, the outer can does not suffer from cracks or pinholes because the resistance welding is employed in this 
case. 

20 The ultrasonic welding requires fewer welding requirements and usage conditions than the laser welding, and it 

is possible to prevent the welding strength from varying widely. 

In addition, ultrasonic welding devices are less expensive than laser welding devices. This makes it possible to 
reduce the production cost of cells, and to produce more cells per hour. 
The outer can and the first lead plate may be ultrasonic-welded. 
25 The first layer may have a thickness of 0.05 to 0.5mm. 

The reason for these restrictions is that if the second layer of the lead plate for current-utilization and the lead plate 
for connection are resistance-welded outside these ranges, the weld zone might suffer from cracks. 

The second layer may be a metallic plate whose conductivity is lower than aluminum and the aluminum alloy. 
By making the second layer of the lead plate for current-utilization from nickel or the like having lower conductivity 
30 than aluminum or the like, the lead plate for current-utilization and the lead plate for connection are firmly welded 
• through the resistance welding. 

The material of the second layer may be selected from a group consisting of nickel, nickel-plated iron, nickel-plated 
stainless, and nickel-plated copper. 

The material of the positive electrode may be selected from a group consisting of LiCo0 2 , LiNi0 2 , LiMn0 2 , LiMn 2 0 4 , 
35 and LiFe0 2 . 

The solvent of the electrolyte may be at least one organic solvent which is selected from a group consisting of 
ethylene carbonate, vinylene carbonate, and propylene carbonate, or a mixture of the at least one organic solvent and 
at least one low-boiling-point solvent which is selected from a group consisting of dimethyl carbonate, diethyl carbonate, 
1,2-dimethoxyethane, 1 ,2-diethoxyethane, and ethoxymethoxyethane. 
40 The solute of the electrolyte may be selected from a group consisting of LiPF 6 , LiCI0 4 , and LiCF 3 S0 3 . 

The material for the negative electrode may be selected from a group consisting of lithium, an alloy which absorbs 
and desorbs lithium ions, and carbon material which absorbs and desorbs lithium ions. 

DESCRIPTION OF THE DRAWINGS 

45 

These and other objects, advantages and features of the invention will become apparent from the following de- 
scription thereof taken in conjunction with the accompanying drawings which illustrate a specific embodiment of the 
invention. In the drawings: - 

Fig. 1 is a cross section which shows a welding process of a lead plate for connection to a conventional cell. 
so Fig. 2 is a cross section of a cell of a first embodiment of the present invention. 

Fig. 3 is a cross section which shows a welding process of a lead plate for connection to the cell of the first em- 
bodiment. 

Fig. 4 is a half-cross section of a cell of a second embodiment of the present invention. 

Fig. 5 is a cross section of the lead plate for current-utilization which is used for the cell of the second embodiment 
55 Fig.6 is a half-cross section which shows an ultrasonic welding process when the cell of the second embodiment 

is assembled. 

Fig. 7 is a cross section which shows a welding process when a lead plate for connection is welded to the cell of 
the second embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<Embodiment 1> 

The first embodiment of the present invention will be explained with reference to Fig. 2 and 3. 

The square-type lithium ion cell of the present embodiment shown in Fig. 2 has an outer can 1 which has a bottom 
and is made of aluminum. The outer can 1 contains an unillustrated generating element which is composed of a positive 
electrode, a negative electrode, and a separator filled with an electrolyte. The outer can 1 has an opening which is 
sealed with a metallic sealing lid 8 and a bottom unit 1a to which a lead plate 2 for current-utilization is laser-welded. 
The lead plate 2 for current-utilization is made of nickel and has a thickness of 0.15mm, a width of 5mm, and a length 
of 30mm. 

The cell with this construction was assembled as follows. After the generating element was inserted into the outer 
can 1, the opening was sealed with the metallic sealing lid 8. Then, the lead plate 2 for current-utilization was placed 
on the outer surface of the bottom unit 1a and laser-welded with a laser welding device. The welding was applied to 
two weld zones under the following conditions, 
laser energy :12J 

pulse rate : 4mm/sec, 10 pulses/sec. 

As shown in Fig 3, the lead plate 5 for connection is welded to the cell as follows: The lead plate 5 for connection 
which is made of nickel and to which a protective circuit 9 is welded is placed on the lead plate 2 for current-utilization. 
Then, a pair of resistance-welding electrodes 6 (one of the pair is shown) are lowered in the direction of the arrow "A" 
until the electrodes 6 are in contact with the non-welded area between the two laser-weld zones and then, the current 
is supplied. Consequently, the lead plate 2 for current-utilization and the lead plate 5 for connection are welded together 
at where the electrodes 6 are in contact with the non-welded area. 

Although the laser welding of the lead plate 2 for current-utilization is conducted after the sealing operation of the 
opening of the outer can 1 in the present embodiment, it may be conducted prior to the sealing operation. 

(Experiment 1-1) 

The stretching strength between the outer can 1 and the lead plate 2 for current-utilization was measured after 
these had been laser-welded. The results are shown in Table 1 . The measurement was conducted by using two samples 
and by bending and stretching the lead plates for current-utilization in the vertical direction. The values of the stretching 
strength shown in Table 1 belong to one of the two laser-weld zones. 



Table 1 


stretching strengths (kgf/cm 2 ) 


1.58 




1.95 


average (kgf/cm 2 ) 


1.77 
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The results shown in Table 1 indicate that the laser welding offers sufficient stretching strength between the outer 
cans and the lead plates for current-utilization. 

(Experiment 1-2) 

The electrification ratio of the protective circuit 9 was checked when the lead plate 5 for connection and the lead 
plate 2 for current-utilization were resistance-welded. The results are shown in Table 2. For comparison, the electrifi- 
cation ratio of the protective circuit 9 was checked when the lead plate 5 for connection and the outer can 1 were laser- 
welded. The results are shown in Table 2, where one hundred cells were used as the cells of the present invention and 
another one hundred as the comparative cells. 

Table 2 





welding methods 


number of defective ceils 


cells of present invention 


resistance-welding 


0 


comparative cells 


laser-welding 


13 



The results shown in Table 2 indicate that when the lead plate 5 for connection and the lead plate 2 for current- 
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utilization were resistance-welded, the protective circuit 9 was not electrified in any cell, whereas when the lead plate 
5 tor connection and the outer can 1 were laser-welded, the protective circuit 9 was electrified in some cells. 

<Embodiment 2> 

S 

The second embodiment of the present invention will be explained as follows, based on Figs. 4-7. 
As shown in Fig. 4, the square-type lithium ion cell of the present embodiment is constructed in the same manner 
as in the first embodiment except that the lead plate 2 for current-utilization consists of a two-layered cladding which 
has the same thickness, width, and length as the lead plate 2 of the first embodiment; and thaj the lead plate 2 for 
io current-utilization and the outer can 1 were ultrasonic-welded together. In Fig. 4 the generating element, the metallic 
sealing lid, and some other components are omitted. 

Fig. 5 shows the specific construction of the lead plate 2 for current-utilization, which consists of a first layer 2a 
which is welded to the outer can 1 and a second layer 2b which is formed on the other surface of the first layer 2a. The 
first layer 2a has a thickness of 0.05mm, and is made of aluminum considering the connectivity with the outer can 1 . 
15 On the other hand, the second layer 2b has a thickness of 0.10mm and is made of nickel in consideration of the 
connectivity with the lead plate 5 for connection. 

The cell with this construction was assembled as follows: As shown in Fig. 6, the outer can 1 was inserted into a 
pillar-shaped ultrasonic-welding anvil 3 from its opening and supported at the top of the anvil 3. The lead plate 2 for 
current-utilization was mounted on the outer surface of the bottom unit 1a of the outer can 1 so that the first layer 2a 
20 made of aluminum faced the outer can 1 . Then, the ultrasonic horn 4 was lowered in the direction of the arrow U B" so 
as to press the lead plate 2 for current-utilization, thereby ultrasonic-welding the lead plate 2 for current-utilization to 
the outer can 1 . Consequently, the lead plate 2 for current-utilization was welded to the outer can 1 at the two weld 
zones where the ultrasonic horn 4 and the lead plate 2 for current-utilization were in contact with each other. The 
welding device used and welding conditions are as follows. 

25 

welding device: Branson 91 0M 
ultrasonic energy : 60J 
frequency : 20kHz 
amplitude : 30 u, m 
so pressure : 40PSI(1PSI = 0.07kgf/cm 2 ) 

The cell was completed after inserting the generating element into the outer can 1 and sealing the opening of the 
outer can 1 with the metallic sealing lid 8. 

• As shown in Fig 7, the lead plate 5 for connection is welded to the cell as follows: The lead plate 5 which is made 
35 of nickel and to which a protective circuit 9 is welded is placed on the second layer 2b of the lead plate 2 for current- 
utilization. Then, a pair of resistance-welding electrodes 6 (one of the pair is shown) are lowered in the direction of the 
arrow M C n until the electrodes 6 are in contact with the non-welded area between the two ultrasonic-welded zones and 
then the current is supplied. Consequently, the lead plate 2 for current-utilization and the lead plate 5 for connection 
are welded at where the electrodes 6 are in contact with the non-welded area. 
40 As for the production of the lead plate 2 for current-utilization, an aluminum plate and a nickel plate were stacked, 

and then either heated or pressed. 

(Experiment 2-1) 

45 The stretching strength between the outer can 1 and the lead plate 2 for current-utilization was measured after 

these had been ultrasonic-welded. The results are shown in Table 3. The welding conditions were the same as in 
Experiment 1 -1 of the first embodiment except that the energy was varied. The measurement was conducted by using 
two samples for each and by bending and stretching the lead plate 2 for current-utilization in the vertical direction. The 
values of the stretching strength in Table 3 belong to one of the two ultrasonic -welded zones. 

so 

Table 3 



energy (J) 


pressure (air pressure) 


amplitude ratio 


streching strength (kgf/cm 2 ) 


60 


40PSI (fixed) 


100% (fixed) 


4.34 


4.53 


50 




u 


4.14 


4.16 


40 


m 


ii 


3.76 


4.04 
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energy (J) 


pressure (air pressure) 


amplitude ratio 


streching strength (kgf/cm 2 ) 


30 


0 


■ 


3.08 


2.77 


20 


H 


■ 


2.32 


1.70 


10 


o 


■ 


2.74 


2.10 


5 


a 


■ 


0.96 


1.14 



by JSTp^ 9 S " ,n9 ' h * ,a * M <* * «"W * ^ seeeetb can be im p,ovee 

(Experiment 2-2) 

mealu^^ < he — P'-e 2 for current-uti.ization was 

lead plates 5, and, two of them hlc a width oTsmm and 2 1* T kT " Tab ' e 4 F ° Uf SampleS Were used as «he 
strength in Table 4 belong to ^J^^Sl^^^ * M °' ^ ^ V * ,UeS °< < he s,r ^9 

Table 4 



widths of lead plates for connection 


5mm width 


3mm width 


streching strength 


3.75 


4.11 


(kgf/cm 2 ) 






2.52 


3.89 


average (kgf/cm 2 ) 


3.14 


4.00 



45 



(Experiment 3) 

*e S ™^ r D s s p,a,e d ? for cu r - u,i,iza,ion was 

urement was conducted by uilnq^^^i^^ prese ™ d ' or a Predetermined time period. The meas- 
two-day preservation the netf Two a 1 3 Si were measured before the preservation; another two after a 
are shown in Tab.e 5 T S^i^S^S?^ ^J™**" ° nG 3 22 ^ P-ervation. The results 
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r Table 5 




stretching strength (kgf/cm 2 ) 


before preservation 


after 2-day preservation 


after 13-day preservation 


after 22-day preservation 


2.81 
3.84 
3.26 


2.41 
4.04 


3.24 
3.66 


3.98 



,beJ2r=-^^ 
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(Others) 

(1 ) In these embodiments, the lead plate 2 for current-utilization is welded to the outer surface of the bottom of the 
outer can 1 . However, it may be welded to any other portion of the outer surface of the outer can 1 . As for the welding 

e of the lead plate 2 for current-utilization and the lead plate 5 for connection, their weld zone is not restricted on the 
outer surface of the outer can 1 . The lead plate 2 for current-utilization may be extended from the surface of the outer 
can 1 and welded to the lead plated 5 for connection at a distant position from the outer can 1. However, this is not 
preferable because the extended plate 2 could obstruct the cell assembling operation. 

(2) The first layer of the lead plate 2 for current-utilization can be made from aluminum or an.aluminum alloy such 
10 as aluminum-manganese, and the second layer can be made from nickel, nickel-plated iron, nickel-plated stainless, 

nickel-plated copper, or the like. 

(3) Although the embodiments cite a non-aqueous electrolyte secondary cell as an example of the present inven- 
tion, the present invention can be applied to other types of cells as long as their outer cans are made from aluminum 
or an aluminum alloy. 

is (4) The outer can 1 contains a generating element composed of a positive electrode, a negative electrode, and a 

separator filled with an electrolyte. These components can be made from the following materials in the case of a non- 
aqueous electrolyte secondary cell. 

The positive electrode active material can be made from LiCo0 2 , LiNi0 2 , LiMn0 2 , LiMn 2 0 4 , LiFe0 2 , or the like. 
The negative electrode can be made from lithium, an alloy which absorbs and desorbs lithium ions, carbon material 
20 which absorbs and desorbs lithium ions, or the like. 

The solvent of the electrolyte can be an organic solvent such as ethylene carbonate, vinylene carbonate, or pro- 
pylene carbonate, or a mixture of the organic solvent and a low-boiling-point solvent such as dimethyl carbonate, diethyl 
carbonate, 1 ,2-dimethoxyethane, 1 ,2-diethoxyethane, or ethoxymethoxyethane. 
The solute of the electrolyte can be LiPF 6 , LiCI0 4 , LiCF 3 S0 3) or the like. 
25 Although the present invention has been fully described by way of examples with reference to the accompanying 

drawings, it is to be noted that various changes and modifications will be apparent to those skilled in the art. Therefore, 
unless such changes and modifications depart from the scope of the present invention, they should be construed as 
being included therein. 



30 



Claims 

1. A cell comprising: 

35 a positive electrode; 

a negative electrode; 

a separator filled with an electrolyte; 

an outer can which has a bottom and which is composed of one of aluminum and an aluminum alloy; and 
a first lead plate for utilizing current, said first lead plate being welded to an outer surface of said outer can, 
40 and also welded to a second lead plate for electrically connecting said cell with a protective circuit. 

2. The cell of claim 1 , wherein said first lead plate is made from a metal whose conductivity is lower than aluminum 
and the aluminum alloy. 

45 3. The cell of claim 1 , wherein material of said first lead plate is selected from a group consisting of nickel, iron, a 
nickel alloy, and an iron alloy. 

4. The cell of claim 1 , 2 or 3, wherein said outer can and said first lead plate are laser-welded. 

so 5. The cell of claim 1 , wherein said first lead plate includes a cladding plate having a first layer and a second layer, 
said first layer being made from one of aluminum and the aluminum alloy and welded to said outer can, and said 
second layer being welded to said second lead plate. 

6. The cell of claim 5, wherein said outer can and said first lead plate are ultrasonic-welded. 

7. The cell of claim 5, wherein said first layer has a thickness of 0.05 to 0.5mm. 

8. The cell of claim 5, wherein said second layer is a metallic plate whose conductivity is lower than aluminum and 
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the aluminum alloy. 

9. The cell of claim 5, wherein material of said second layer is selected from a group consisting of nickel nickel 
plated iron, nickel-plated stainless, and nickel-plated copper. ns.si.ng or nickel, mckel- 

10. The cell of claim 1 or 5, wherein material of said positive electrode is selected from a group consisting of LiCoOu 
L.Ni0 2 . LiMn0 2 , LiMn 2 0 4 , and LiFeO a . M ^ns.sung of lioou,, 



11. 



I oroul clnS ° r f 5 ^ h , ere,n a f vent of said & ^yXe is a. least one organic solvent.which is selected from 
a group cons.st.ng o ethylene carbonate, vinylene carbonate, and propylene carbonate, or a mixture of said at 
least one organic solvent and at least one low-boiling-point solvent which is selected from a group consisting of 
d,methyl carbonate, diethyl carbonate, 1 ,2-dime.hoxyethane, 1 ,2-diethoxyethane. and e.hoxymethoxyeThane 

« In* UCFTSr 1 ° f 5 ' WhBrein 3 SO ' Ute ° f S3id e ' eC,r0lyte iS Se ' eC,ed ,r ° m 8 9fOUP COnSiS,in9 °' UPF * LiC '°^ 

13. The cell of claim 1 or 5. wherein material for said negative electrode is selected from a group consisting of lithium 
an alloy wh.ch absorbs and desorbs lithium ions, and carbon material which absorbs and desorbs lithfum ions 
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Fig. 6 
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